was evaluated for epoxy resin and polyether resin dies as well as for gypsum dies by observing the changes in roughness.
INTRODUCTION
Some of the distortions may be so small as to be within the clinical allowance, or so marked as to damage the fit of the casting. On the other hand, it has been evidenced that the favorable distortion which would be rather necessary for the most available fit of the casting in practice actually occurs in dental casting procedures1),2). Surface roughness of the casting may also affect the fit or the retention of the casting on the abutment teeth3), and the changes in surface roughness have been studied on the process from tooth preparation to casting4).
Gypsum products have been conventionally used for cast and die, but they are not always satisfactory in their surface properties. Recently some resin die materials have been developed. Their availabilities or problems for practical use have been discussed through the examination of the physical and mechanical properties5-9). In the present study, surface reproduction was evaluated for the commercial epoxy resin and polyether resin die materials in comparison with that for the gypsum die materials.
MATERIALS AND METHODS
Metal blocks simulating the abutment teeth were used as the original model. The blocks had uniform V-shaped grooves on the tapered axial surface as shown in Figure  1 .
A glass plate was also employed as the model of the smooth surface having no grooves. of the glass surface was taken by the addition polymerizing type silicone rubber impression material (E). Surface profiles for the duplicated grooves on the dies are presented in Figures 5 and 6. The average roughness values representing the depth of the grooves of three specimens are shown in Tables 4 and 5 with their standard deviations. Analyses of variance for these values revealed that there were significant differences in roughness among the impression materials (p<0.01) and among the die materials (p<0.01). Interaction of the impression and the die material was also observed (p<0.01). Therefore, t-tests were made to find out the differences among the impression materials for each die material as well as among the die materials for each impression material. The results are summarized in Tables 6 and 7 .
When the alginate impression material (A) was used, reproduction of the grooves was markedly poor on all of the dies, resulting in no significant differences in roughness value among the die materials. Especially, the grooves on the die investment (RV) and the polyether resin (IM) were found to be drastically disturbed.
In the case of the agar impression (H), the surface roughness for the grooves of the dies became smaller than in the alginate. Above all, marked improvement appeared on (IM). In general, the roughness values for the duplicated grooves tended to become larger on the gypsum dies and smaller on the resin dies than those for the original. When the elastomeric impression materials were employed, the surface reproduction for the grooves generally became better and the deviations by repetition became smaller. Some differences in roughness were recognized among the combinations of each elastomer and die material. The polysulfide rubber impression (S) and the addition polymerizing type silicone rubber impression (E) showed the best surface reproduction on the gypsum dies (FR) and (RV). On the other hand, the configuration of the grooves on these gypsum dies was disturbed in combination with the condensation polymerizing type silicone rubber impression (F) as markedly as with the agar impression. The grooves on the epoxy resin Table 6 Significance of the differences among the impression materials for each die material *significant **highly significant impression and the die material. Although the roughness caused in duplicating the glass surface was not always added on the duplicated grooves as it was, the configuration of the grooves on the die appeared to be much disturbed in the combination producing larger roughness on the duplicate of the glass. The alginate impression showed the worst surface reproducibility on every die material. Smooth surface of the original became roughened on the die and uniform grooves became greatly disturbed. These tendencies were so prominent on the die investment (RV) and the polyether resin (IM) that their surface profiles did not resemble the original surfaces. In addition to the poor ability of the alginate impression material to reproduce the surface detail, the water on the impression surface as well as some constituents of the alginate would retard the setting and roughen the surface of the gypsum dies.
When the agar impression was used, the surfaces of the gypsum dies were slightly improved. It is well known that the agar impression material is much superior in its surface reproducibility to the alginate. A slight reduction of the roughness or the disturbance on the gypsum dies might be related to this property of the agar impression. However, the retarding effects on the setting of the gypsum are also active in the agar impression as in the alginate, indicating that it may be still difficult for the agar impression to reproduce the surface detail precisely on the gypsum dies as compared with the elastomeric impressions.
The epoxy resin die material (RM) is specified by the manufacturer not to be used with the alginate or the agar impression. When this material was kept in contact with either of these impressions, its setting was extremely retarded. Its surface was still sticky even tens hours after pouring. In this experiment, therefore, the specimen for roughness test was prepared by storing the die with the impression in 100% humidity for 24 hours after pouring, removing the die from the impression while its surface was still sticky, and leaving it in air until setting of its surface was completed. The resultant surface of the die was considerably roughened even though this material itself showed superior ability to have sufficiently smooth surface. It is considered that the retarding reaction of the water on the impression surface for the setting of the resin might have produced such a bad surface. In the case of the polyether resin die material (IM), the manufacturer describes that it is compatible in principle with any of the impression materials. It showed, however, the same tendency as that of the epoxy resin against the alginate and the agar impressions. Especially in the combination with the alginate impression, the smooth surface of the original became an extraordinarily roughened surface on the die and the grooves on the die appeared to have almost lost their original shapes. The results show that the agar impression could make the surface of the (IM) die apparently closer to that of the original, probably reflecting its superior detail reproducibility. However, this is not sufficient to demonstrate the good compatibility of the die (IM) with the agar impression. Setting of the resin is extremely retarded by the water on the impression surface. The impression has to be stored under a highly humid condition during the setting of the resin to avoid its dimensional change. This will result in much more retardation of the setting of the resin. The package of (IM) contains a bottle of aluminum powder. It is recommended that the powder be applied on the impression surface. The powder can prevent the direct contact of the resin with the impression. The application of the powder, however, was found to be of no use for the alginate or the agar impression.
It is considered that the polyether resin die material (IM) can never be compatible with these two hydrocolloid impressions in any way.
When the elastomeric impression materials except the condensation polymerizing type silicone rubber impression (F) were used, the surface roughness of the stone (FR) or the die investment (RV) was markedly reduced. The profile of the grooves on the die also became closer to that of the original, showing less disturbed concaves and convexes, and less standard deviations by repetition. There was a general tendency that the roughness value for the grooves or the depth of the grooves on the gypsum dies became larger than that of the original. Such a tendency might have resulted from the setting expansion of the gypsum as Matsunobu explained previously4).
The condensation polymerizing type silicone rubber impression (F) caused roughness on the surfaces of the gypsum dies almost as markedly as the hydrocolloid impressions did. Since the resin dies showed good surface reproduction with this impression, it cannot be considered that the ability of the impression (F) to reproduce the surface detail is poor. The roughened surfaces of the gypsum dies were regarded as being related to the interaction of the impression with the gypsum materials at their interface probably based on the hydrophobic characteristics of the impression (F). Both of the two gypsum die materials showed the best compatibility with the polysulfide rubber impression (S) and the addition polymerizing type silicone rubber impression (E) in terms of the surface reproduction.
The resin dies showed better surface reproduction in combination with the elastomeric impressions than the gypsum dies. The depth of the duplicated grooves on the resin dies were closer to or occasionally smaller than that of the originals, being significantly different from the larger depth of the grooves on the gypsum dies. Such a difference might have resulted from the inherently superior detail reproducibility of the resin die materials as well as the setting contraction of the resin in contrast with the setting expansion of the gypsum. Although statistical differences were also observed between the two resin dies for the smaller depth of the grooves, a definite explanation for the differences could not be found. A report demonstrated that some silicone rubber impressions including (F) caused extreme retardation of the setting, coloring, and surface roughness on the epoxy resin die (RM)5). In the present study, on the contrary, setting of (RM) was equally slow in any impression and neither especially prolonged setting nor coloring was observed in combination with (F). The surface roughness of (RM) was more marked and the grooves were more disturbed in combination with the polysulfide rubber impression (S) or the polyether rubber (I) than with (F).
The addition polymerizing type silicone rubber impression (E) showed excellent compatibility with the resin die materials as did with the gypsum dies. Both the smooth surface and the roughened surface of the original were precisely duplicated on the two resin dies with the impression (E). There are some differences in behavior between the epoxy resin die material (RM) and the polyether resin (IM). The former has a lesser setting contraction but its setting time is extremely long. In the latter, the setting time is reasonably short but the setting contraction is somewhat larger7). On the other hand, they have the common advantages that their surfaces are quite fine and seldom scratched. In addition, they exhibit excellent surface reproducibility in combination with the properly selected impression. It is considered that the resin die materials may be markedly superior to the gypsum die materials so far as the surface properties are concerned.
SUMMARY
Surface reproduction was evaluated for the commercial gypsum and resin die materials in combination with various types of impressions using two metal blocks having uniform V-shaped grooves and a glass plate as the original model.
The improved dental stone, Fujirock, and the die investment, Real Vest, produced rough or disturbed surfaces when they were used with the alginate or the agar impression. This may have resulted from the retarding effects of the constituents and water of the impression on the setting of the gypsum. The water on the impression surface also extremely prolonged the setting of the epoxy resin die, Rock Model, and the polyether resin die, Impredur, leaving the resin surfaces sticky for tens hours.
The elastomeric impressions generally showed better reproduction of surface details on all the dies tested. However, somewhat largely roughened or disturbed surfaces were found in some combinations such as Fujirock or Real Vest with the condensation polymerizing type silicone rubber impression, Flexicon, and Rock Model with the polysulfide rubber impression, Surflex, or the polyether rubber impression, Impregum. The addition polymerizing type silicone rubber impression, Exaflex, exhibited the best compatibility with any of the die materials used. Especially both of the resin dies showed excellent surface reproducibility in combination with Exaflex, in which the surface of the original, whether smooth or rough, was exactly reproduced on the die. It is considered that the epoxy resin or the polyether resin die material may be more useful than the gypsum die materials so far as the surface properties are concerned.
